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INTRODUCTION 

The t e r m  aerosols ,  as used here, re fers  t o  t h e  haze, smoke, and dust  t h a t  appear 
i n  t h e  t roposphere.  The t e r m  does n o t  r e f e r  t o  t h e  hydrometeors i n  cumulus and 
s t r a t u s  c louds b u t  does i n c l u d e  t h e  s u l f u r i c  ac id -water  d r o p l e t s  which a r e  assumed t o  
predominate i n  t h e  s t r a t o s p h e r i c  aerosol  layer .  The aerosol  p r o p e r t i e s  t h a t  have 
been measured f rom s a t e l l i t e s  and those which can be made i n  t h e  near t e r m  (up t o  
1992) w i l l  be reviewed. The c a p a b i l i t i e s  t h a t  w i l l  e x i s t  i n  t h e  years  1992-2000, 
w i t h  implementat ion o f  EOS, w i l l  be discussed next .  F i n a l l y ,  a few words w i l l  be 
s a i d  concern ing t h e  p o t e n t i a l  f o r  aerosol  measurements f o r  t h e  decade a f t e r  2000. 

CURRENT CAPABILITIES 

Two s a t e l l i t e  methods have been, and are expected t o  be, a v a i l a b l e  f o r  measur ing 
aerosol  p r o p e r t i e s  up t o  1992. 
f rom a column o f  t h e  Earth-atmosphere system ex tend ing  t o  t h e  ground, and t h e  o t h e r  
method u t i l i z e s  s o l a r  o c c u l t a t i o n  observat ions o f  t h e  E a r t h ' s  l imb.  The f i r s t  method 
c o n s i s t s  o f  measuring t h e  i n t e n s i t y  o f  sca t te red  s u n l i g h t  i n  t h e  v i s i b l e  and near- 
i n f r a r e d  spectrum. The i n t e n s i t y  i s  l i n e a r l y  p r o p o r t i o n a l  t o  aerosol  p r o p e r t i e s  such 
as mass, s u r f a c e  area, and number. Furthermore, those p a r t i c l e s  t h a t  s c a t t e r  l i g h t  
most s t r o n g l y  a r e  those w i t h  diameters approximately equal t o  t h e  wavelength. P a r t i -  
c l e s  t h a t  a r e  an o r d e r  o f  magnitude smal ler ,  or l a r g e r ,  a r e  i n e f f e c t i v e  o p t i c a l l y - -  
t h e  s m a l l e r  ones because o f  t h e i r  smal l  cross s e c t i o n s  and t h e  l a r g e r  p a r t i c l e s  
because t h e r e  a r e  n o t  enough o f  them. A few except ions  can be made, however. 
t h e r e  a r e  enough l a r g e  p a r t i c l e s ,  such as i s  t h e  case f o r  Saharan dust ,  then they  a r e  
v i s i b l e  a t  wavelengths much s m a l l e r  than t h e i r  p a r t i c l e  s i z e .  Wi th  t h e  e x c e p t i o n  o f  
dus t  and, p o s s i b l y ,  aeroso ls  d e r i v e d  f rom t h e  ocean, t h e  a v a i l a b l e  sensors measure 
p r o p e r t i e s  i n  t h e  s i z e  range between 0.1 and 1 m. 

The f i r s t  depends on r e c e i v i n g  s c a t t e r e d  s u n l i g h t  

I f  

Several  sensors a r e  expected t o  be a v a i l a b l e  i n  t h e  near term. These i n c l u d e  
NOAA's p o l a r  o r b i t e r s  c a r r y i n g  t h e  AVHRR and t h e i r  g e o s t a t i o n a r y  s a t e l l i t e s  c a r r y i n g  
t h e  V ISSR.  The n a d i r  s p a t i a l  r e s o l u t i o n  o f  these sensors i s  1 km. AVHRR scans t h e  
e n t i r e  E a r t h  once each day. 
p o i n t  every h a l f  hour. The pr ime purpose o f  each sensor i s  t o  t a k e  c loud p i c t u r e s .  
As a r e s u l t ,  n e i t h e r  sensor i s  c a l  i b r a t e d  a f t e r  1 aunch. Post-1 aunch c a l  i b r a t i  on 
methods (Griggs, 1984; F r a s e r  and Kaufman, 1986) have been developed, however. 
c o u n t r i e s  may a l s o  cont inue t o  deploy geos ta t ionary  s a t e l l i t e s  w i t h  VISSR-type 
sensors. Research d a t a  w i l l  be a v a i l a b l e  f rom observa t ions  made f rom Landsat and 
o t h e r  U.S. and f o r e i g n  sensors. 

V I S S R  scans the E a r t h  w i t h i n  60" o f  t h e  s u b s a t e l l i t e  

Other  

N a d i r - v i e w i n g  s a t e l l i t e  
p r o p e r t i e s .  As a r e s u l t ,  va 

sensors measure t h e  t o t a l  v e r t i c a l  
i d a t i o n  data a r e  d i f f i c u l t  t o  acqu 

burden o f  t h e  aerosol  
r e  and do n o t  e x i s t  

*Prepared panel  r e p o r t .  
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f 
g e n e r a l l y .  The one except ion  i s  t h e  aerosol  o p t i c a l  th ickness .  I t i s  l i n e a r l y  
p r o p o r t i o n a l  t o  t h e  i n t e n s i t y  of t h e  s c a t t e r e d  l i g h t ,  a t  l e a s t  f o r  t h e  common amounts 
o f  aerosol  , j u s t  as f o r  o t h e r  aerosol  p r o p e r t i e s  p r e v i o u s l y  mentioned. 
o f  these o p t i c a l  th ickness  measurements i n d i c a t e s  t h e  accuracy of t h e  mass, area, and 
number measurements a lso.  

The accuracy 

The o p t i c a l  t h i c k n e s s  measurements a r e  v a l i d a t e d  by values d e r i v e d  f rom t h e  
s o l a r  t ransmiss ion  t o  t h e  ground. The accuracy of t h e  s a t e l l i t e  va lues i s  h i g h e s t  
when observat ions a r e  made over  a un i form,  dark sur face such as t h e  ocean. The f i r s t  
e x t e n s i v e  measurements were made by Griggs (1984) over  many oceanic  reg ions.  He 
compared sate1 l i t e  values w i t h  values d e r i v e d  f rom ground-based measurements o f  s o l a r  
t r a n s m i s s i o n  ( f i g .  16) .  The s tandard e r r o r  of es t imate  i s  0.05. Measurements over  
l a n d  a r e  more d i f f i c u l t  because o f  v a r i a b l e  s u r f a c e  r e f l e c t a n c e ,  which i s  about t h e  
same or  more than aerosol  r e f 1  ectance. Nevertheless,  t h e  s u r f a c e  r e f l e c t a n c e  can be 
mon i to red  on days w i t h  smal l  aerosol  th ickness .  Values o f  o p t i c a l  t h i c k n e s s  measured 
f rom a s a t e l l i t e  a t  severa l  l o c a t i o n s  a r e  compared w i t h  ground-based values i n  
f i g u r e  17. The good agreement r e s u l t s  i n  t h e  square o f  t h e  c o r r e l a t i o n  c o e f f i c i e n t  
r2 = 0.89. 

Prev ious  values o f  o p t i c a l  t h i c k n e s s  measured f rom a nadi r - v i e w i n g  s a t e l l i t e  
were based on measurements i n  one s p e c t r a l  band. I f  two o r  more bands a r e  used, t h e n  
i n f o r m a t i o n  about t h e  d i s t r i b u t i o n  o f  p h y s i c a l  p r o p e r t i e s ,  w i t h  respect  t o  s ize ,  can 
be der ived .  
s p e c t r a l  i r r a d i a n c e ,  o r  aerosol  r e f l e c t a n c e ,  depends on t h e  aerosol  s i z e  d i s t r i b u -  
t i o n .  I f  t h e  p a r t i c l e s  a r e  much s m a l l e r  than t h e  wavelength, t h e  aerosol  r e f l e c t a n c e  
v a r i e s  as A4; i f  t h e  p a r t i c l e s  a re  l a r g e r  than t h e  wavelength, t h e  r e f l e c t a n c e  i s  
independent o f  wavelength. U s u a l l y  t h e  r e f l e c t a n c e  v a r i e s  as t o  A-’. The 
wavelength dependence o f  an aerosol  s i z e  parameter has been d e r i v e d  f rom s a t e l l i t e  
measurements, but  t h e  r e s u l t s  have been v a l i d a t e d  w i t h  o n l y  a few independent 
observa t ions  (Griggs, 1984; and Fraser  and Kaufman, 1985).  

The i n t e n s i t y  o f  l i g h t  s c a t t e r e d  by aeroso ls  r e l a t i v e  t o  t h e  s o l a r  

An example o f  d e r i v i n g  t h e  aerosol  a lbedo o f  s i n g l e  s c a t t e r i n g  from Landsat 
observa t ions  o f  Washington, D.C. ,  d u r i n g  August 1982, i s  g i v e n  i n  f i g u r e  18. The 
r e f l e c t a n c e s  o f  dark p i x e l s  increased f rom 0.03 t o  0.13 w i t h  i n c r e a s i n g  t u r b i d i t y .  
The i n t e n s i t y  o f  l i g h t  f rom p i x e l s  w i t h  s u r f a c e  r e f l e c t a n c e  o f  0.18 changed o n l y  
s l i g h t l y .  If one assumes t h a t  t h e  aerosol  p a r t i c l e s  a r e  smal l  and t h a t  t h e i r  
a b s o r p t i o n  c ross  s e c t i o n  i s  much g r e a t e r  than t h e i r  s c a t t e r i n g  c ross  sec t ion ,  then 
t h e i r  a lbedo o f  s i n g l e  s c a t t e r i n g  i s  0.9. T h i s  va lue  was lower  than t h e  s a t e l l i t e  
va lue  o f  0.96 associated w i t h  hazes over  t h e  eas tern  U.S. d u r i n g  t h e  summer. I n  t h e  
former case, however, smoke f rom f o r e s t  f i r e s  over  nor thwestern  Canada had d r i f t e d  
over  Washi ngton , i n d i  c a t  i ng t h e  presence o f  soot.  

The o n l y  remotely sensed c l u e  concern ing t h e  chemical composi t ion o f  t h e  
aeroso ls  i s  t h e  increased s i z e  o f  aerosol  p a r t i c l e s  caused by condensat ion o f  water  
vapor. 
l e s s  and, a t  t h e  same t ime,  t h e  o p t i c a l  t h i c k n e s s  increases.  

Then t h e  decrease i n  o p t i c a l  t h i c k n e s s  w i t h  respec t  t o  wavelength becomes 

B e f o r e  g loba l  maps o f  aerosol  p r o p e r t i e s  can be d e r i v e d  f rom n a d i r - v i e w i n g  
s a t e l l i t e  observat ions,  e f f i c i e n t  a l g o r i t h m s  must be developed. 
t o  account f o r  c a l i b r a t i o n ,  s u r f a c e  r e f l e c t a n c e ,  and t a b l e  lookups r e l a t i n g  t h e  
aerosol  p r o p e r t i e s  of models w i t h  t h e  i n t e n s i t y  o f  s c a t t e r e d  l i g h t .  
depend on t h e  geographical r e g i o n  and season of t h e  year .  
be prepared as a f u n c t i o n  o f  s o l a r  z e n i t h  angle, v iewing  angles,  and wavelength. 

The a l g o r i t h m s  have 

The models w i l l  
Ex tens ive  t a b l e s  have t o  
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B e f o r e  such nadi  r - v i e w i n g  sate1 1 i t e  measurements o f  aerosol  p r o p e r t i e s  a r e  
accepted, t h e y  need t o  be v a l i d a t e d  w i t h  independent data.  Valuable exper iments can 
be made a t  t h e  s u r f a c e  such as t h e  r e l a t i o n  between t h e  mass o f  s u l f a t e  and t h e  
s c a t t e r i n g  c o e f f i c i e n t  of l i g h t  (P ie rson e t  a l . ,  1980) o r  t h e  mass o f  water  condensed 
on d r y  p a r t i c l e s  as a f u n c t i o n  of humid i ty .  Never the less,  such exper iments a r e  n o t  
s u f f i c i e n t  s i n c e  t h e  s a t e l l i t e  measures t h e  average p r o p e r t i e s  a long a l i n e  o f  s i g h t  
and t h e  p r o p e r t i e s  vary a long t h e  l i n e  of s igh t .  Measured v e r t i c a l  p r o f i l e s  a r e  
d e s i r a b l e ,  and they  can be ob ta ined by a i r c r a f t .  S ince t h e  a i r c r a f t  exper iments a r e  
d i f f i c u l t  and expensive, remote measurements f rom t h e  ground may have t o  be r e l i e d  on 
i f  severa l  independent measurements y i e l d  the same r e s u l t .  For  example, measurements 
o f  s o l a r  t r a n s m i s s i o n  and s k y l i g h t  i n t e n s i t y  and p o l a r i z a t i o n  i n  many s p e c t r a l  bands 
may a l l  show t h e  same d i s t r i b u t i o n  o f  aerosol mass w i t h  respec t  t o  s ize ,  g i v i n g  
g r e a t e r  conf idence i n  these s a t e l l i t e  data. 

I 

1 km and an accuracy o f  b e t t e r  than 10 percent a t  t h e  peak o f  t h e  s t r a t o s p h e r i c  aero- 
s o l  l a y e r  (McCormick e t  a1 . , 1979; and Mauldin e t  a1 ., 1985). I n  c l o u d - f r e e  reg ions ,  
t h e s e  p r o f i l e s  can extend down t o  t h e  Ear th  s u r f a c e  and do, i n  f a c t ,  reach a l t i t u d e s  
of 8 km o r  lower  50 percent  o f  t h e  t i m e  (Woodbury and McCormick, 1983), a l l o w i n g  
s t u d i e s  o f  t h e  upper t roposphere as w e l l  as t h e  s t ra tosphere .  S ince these i n s t r u -  
ments measure t h e  average e x t i n c t i o n  through t h e  E a r t h ' s  l i m b  a long t h e  s p a c e c r a f t  t o  
Sun view angle,  t h e  h o r i z o n t a l  r e s o l u t i o n  o f  these p r o f i l e s  i s  1 km x 200 km. 
Successive v e r t i c a l  p r o f i l e s  a r e  separated by approx imate ly  24" l o n g i t u d e  as t h e  
observa t ions  sweep through t h e  l a t i t u d e  extremes i n  3 t o  4 weeks, depending on o r b i t  
i n c l  i n a t  i on. 

1 
1 

The second method o f  measuring aerosol  o p t i c a l  p r o p e r t i e s  u t i l i z e s  s o l a r  
o c c u l t a t i o n  o f  t h e  E a r t h ' s  l imb. 
space w i t h  t h e  S t r a t o s p h e r i c  Aerosol Monitor I1 (SAM 11) f l o w n  on Nimbus 7, t h e  
S t r a t o s p h e r i c  Aerosol  and Gas Experiment (SAGE) f l o w n  on t h e  A p p l i c a t i o n  E x p l o r e r  
M i s s i o n  2 (AEM-2), and SAGE I1 f lown on the  ERBS. I n  each case, t h e  ins t rument  
measures t h e  a t t e n u a t i o n  o f  s o l a r  r a d i a t i o n  t h r o u g h  t h e  E a r t h ' s  l i m b  d u r i n g  space- 
c r a f t  s u n r i s e  and sunset. Such a measurement i s  e s s e n t i a l l y  s e l f - c a l i b r a t i n g ,  
r a t i o i n g  t h e  a t t e n u a t e d  s i g n a l  through t h e  atmosphere t o  t h e  unat tenuated s i g n a l  
o u t s i d e  t h e  atmosphere t o  o b t a i n  atmospheric t r a n s m i s s i o n  p r o f i l e s .  

T h i s  technique has been s u c c e s s f u l l y  employed f rom 
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aerosol  l i d a r  backscat te r  da ta  and ba l loon-borne i n  s i t u  p a r t i c l e  counters.  An 
example o f  t h e  p r e l i m i n a r y  SAGE I1 aerosol  e x t i n c t i o n  da ta  shown i n  f i g u r e  19 w i l l  
t h e n  be used t o  study aerosol  s i z e  and d i s t r i b u t i o n  and o t h e r  aerosol  o p t i c a l  
p r o p e r t i e s  (Yue e t  a1 ., 1985). 

The ERBS/SAGE I I 57" i n c l  i n a t i o n  o r b i t  p r o v i d e s  geographic coverage f rom 80° 
south t o  80" nor th  l a t i t u d e ,  r e p e a t i n g  g l o b a l  coverage every 3 t o  4 weeks. S ince  
t h e r e  a r e  no expendables t o  be used up, SAGE I 1  c o u l d  c o n t i n u e  t o  c o l l e c t  da ta  i n t o  
t h e  e a r l y  199O's, p r o v i d i n g  an impor tan t  da ta  base f o r  aeroso ls  f rom t h e  mid 
t roposphere up t o  35 km. 

PERIOD: 1992-2000 

Since t h e  f i n a l  stage o f  some impor tan t  chemical c y c l e s  r e s u l t s  i n  t h e  f o r m a t i o n  
o f  aerosols ,  t h e  s t r e n g t h  o f  aerosol  sources and s i n k s  and t h e i r  l o c a t i o n s  a r e  
impor tan t  f o r  understanding atmospher ic chemist ry .  To compute aerosol  t r a n s p o r t ,  
convergence, and d i  vergence, t h e  aerosol  v e r t i c a l  p r o f  i 1 e and t h e  wind v e c t o r  p r o f  i 1 e 
a r e  requ i red .  L i d a r  can p r o v i d e  t h e  v e r t i c a l  p r o f i l e  o f  t h e  s c a t t e r i n g  c o e f f i c i e n t .  
Wi th  more t h a n  one s p e c t r a l  band, t h e  l i d a r  a l s o  g i v e s  i n f o r m a t i o n  about t h e  s i z e  
dependence o f  aerosol  p r o p e r t i e s .  The l i d a r  da ta  w i l l  be r e l a t i v e l y  i n f r e q u e n t ,  b u t  
t h e  o t h e r  EOS sensors w i l l  p r o v i d e  da ta  on t h e  t o t a l  v e r t i c a l  burden o f  aerosol  
p r o p e r t i e s  on a very smal l  sca le.  Wind i n f o r m a t i o n  w i l l  be a v a i l a b l e  f rom s tandard  
m e t e o r o l o g i c a l  data. 

Abundant new data r i c h  i n  s p e c t r a l  i n f o r m a t i o n  w i l l  be a v a i l a b l e  f rom EOS 
sensors. 
I t  i s  very impor tant  t o  i n c l u d e  p lans f o r  v a l i d a t i n g  t h e  d e r i v e d  products .  Another 
improvement t h a t  EOS w i l l  p r o v i d e  i s  good c a l i b r a t i o n .  
t h a t  measure t h e  i n t e n s i t y  o f  s c a t t e r e d  s u n l i g h t  a r e  e i t h e r  n o t  c a l i b r a t e d  o r  p o o r l y  
c a l i b r a t e d  a f t e r  launch. The measured r e f l e c t a n c e  should be accura te  w i t h i n  0.5 per -  
cen t  t o  measure aerosol p r o p e r t i e s  w i t h  accuracy o f  10 percent .  

A chal lenge e x i s t s  t o  develop a l g o r i t h m s  f o r  e x t r a c t i n g  t h e  i n f o r m a t i o n .  

Cur ren t  s a t e l l i t e  sensors 

The chemical composi t ion o f  aeroso ls  i s  exceedingly  d i f f i c u l t  t o  measure f rom 
s a t e l l i t e s .  
f rom t h e  s u r f a c e  o f  t h e  E a r t h  do n o t  seem t o  have been made. Labora tory  exper iments 
have commenced, however, t o  i d e n t i f y  aerosol  spec ies by means o f  l a s e r  b a c k s c a t t e r  
(Goetz e t  al. ,  1985). Aerosols i n  t h e  lower  t roposphere a r e  screened f rom s a t e l l i t e  
observat  i ons i n much o f  t h e  spectrum by t r a c e  gas absorp t ion .  
a t  energ ies  grea ter  than 3 eV a r e  unobservable because of ozone absorp t ion .  Aerosol  
a b s o r p t i o n  i n  t h e  v i s i b l e  and near i n f r a r e d  i s  dominated by grey absorp t ion .  
v i b r a t i o n  bands occur i n  t h e  1 t o  3 w window (Bohren and Huffman, 1983) and a l s o  i n  
t h e  8 t o  13 um window (Goetz e t  al. ,  1985; C. Prabhakara, NASA Goddard, p r i v a t e  
communication, 1985). Aerosol spec t ra  w i l l  be d i f f i c u l t  t o  measure because o f  
s i m i l a r  s p e c t r a  from t h e  E a r t h ' s  sur face,  numerous a b s o r p t i o n  l i n e s  o f  water  vapor 
and o t h e r  t r a c e  gases, t h e  smal l  o p t i c a l  t h i c k n e s s  o f  aerosols ,  and t h e  o p t i c a l  
cons tan ts  a r e  n o t  known f o r  aerosols  w i t h  mixed composi t ion.  

Remote measurements o f  composi t ion o f  aeroso ls  i n  t h e  E a r t h ' s  atmosphere 

E l  e c t  r o n i  c t r a n s i t i o n s  

Aerosol  

C. Prabhakara (NASA Goddard, p r i v a t e  communication, 1985) at tempted t o  e x t r a c t  
evidence f o r  t h e  s t rong s i l i c a t e  band a t  1100 cm'l i n  t h e  Saharan d u s t  as i t  swept 
ou t  over  t h e  A t l a n t i c  Ocean. He used t h e  measurements f rom t h e  i n f r a r e d  i n t e r f e r o m e -  
t e r  spect rometer  ( IRIS)  w i t h  a s p e c t r a l  r e s o l u t i o n  o f  2.8 cm" and f lown on Nimbus 4. 
He d i d  n o t  observe t h e  s t r o n g  S i -0  emiss ion near 1100 cm-l, b u t  r a t h e r  grey emission. 
Bohren and Huffman (1983) show t h a t  such grey emiss ion i s  expected f o r  d ispersed 
s i z e s  and nonspher ica l  shapes, as a r e  l i k e l y  f o r  t h e  a e o l i a n  d u s t  ( M a r t i n  and Barber,  
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1985). 
t i o n  o f  aeroso ls  from s a t e l l i t e  observat ions.  

T h i s  i s  t h e  o n l y  at tempt  t h a t  I know about t o  i d e n t i f y  t h e  chemical composi- 

Index o f  R e f r a c t i o n  Wave1 ength 
(urn) (m2g-1) 

To show t h e  d i f f i c u l t y  i n  d e r i v i n g  aerosol  s p e c t r a l  i n f o r m a t i o n  f rom thermal 
emission, cons ider  t h e  impor tan t  aerosol  ammonium s u l f a t e .  Take as an example 
measurement o f  t h e  d i f f e r e n c e  i n  energy a t  a s a t e l l i t e  f rom two reg ions  where t h e  
d i f f e r e n c e  i n  ammonium s u l f a t e  concent ra t ion  i s  10 ug/m3, as migh t  occur  between 
r u r a l  and urban areas (Remsberg, 1978). I n  o r d e r  t o  e s t i m a t e  a r e l a t i v e l y  s t r o n g  
e f f e c t ,  assume t h a t  t h e  aerosol  i s  un i fo rmly  mixed i n  a l a y e r  1500 m deep. Then t h e  
t o t a l  mass o f  aerosol  i s  0.015 g/m2. The absorp t ion  and s c a t t e r i n g  o p t i c a l  t h i c k -  
nesses f o r  a t y p i c a l  accumulat ion mode, where s u l f a t e s  a r e  concentrated,  a r e  g i v e n  i n  
t h e  t a b l e  below f o r  t h e  minimum, in termediate,  and maximum values o f  e x t i n c t i o n  i n  a 
s t r o n g  band i n  an atmospheric window. 

~~ 

Albedo o f  Opt i c a l  Th i  ckness 
S i n g l e  S c a t t e r i n g  Absorp t ion  S c a t t e r i n g  

A l i n e a r i z e d  express ion f o r  t h e  apparent temperature d i f f e r e n c e  (AT) between t h e  
r u r a l  and urban areas caused by o n l y  t h e  ammonium s u l f a t e  i s  

8.31 
8.71 
9.07 

AT = T ~ [ T ~  - zsTs ]  

0.0056 0.0006 0.4 x 5 1.2183 0.0514 0.042 
1.0227 0.2759 0.234 0.0013 0.0035 0.5 x 10- 
1.3909 0.7055 0.458 0.0045 0.0068 3.1 x 

where 
o f  t h e  aeroso l ,  and cS and Ts a r e  t h e  e m i s s i v i t y  and temperature o f  t h e  sur face,  
r e s p e c t i v e l y .  
d i f f e r e n c e  between t h e  aerosol  and surface e m i t t i n g  as a blackbody i s  10K, then 
AT = -0.07K. 
f l u c t u a t i o n s  caused by t h e  atmosphere and surface, p l u s  rad iometer  noise.  

i s  t h e  v e r t i c a l  aerosol  absorp t ion  o p t i c a l  th ickness ,  TA i s  t h e  temperature 

The maximum T~ = 0.0068 i n  the  f o l l o w i n g  t a b l e ,  and i f  t h e  temperature 

Such a smal l  va lue  would seem t o  be undetec tab le  because o f  temperature 

OPTICAL PARAMETERS OF AMMONIUM SULFATE FOR A STRONG ABSORPTION BAND 
I N  AN ATMOSPHERIC WINDOW* 

L i d a r  d e t e c t i o n  of t h e  ammonium s u l f a t e  aeroso ls  i n  t h e  10 WI window w i l l  be 
very  d i f f i c u l t  because t h e y  s c a t t e r  r a d i a n t  energy very weakly. 
f o r  t h e  example g iven here would s c a t t e r  a t  most 3 x 
beam of i n f r a r e d  energy i n c i d e n t  on t h e  layer .  
o rders  of magnitude s m a l l e r  than t h e  wavelength o f  t h e  10 WI energy, they  s c a t t e r  
l i g h t  accord ing  t o  t h e  Ray le igh  phase func t ion .  
s c a t t e r  backwards p e r  u n i t  s o l i d  ang le  about 5 x 

The aerosol  l a y e r  
o f  t h e  energy f rom a l i d a r  

S ince t h e  p a r t i c l e s  a r e  about 2 

Hence t h e  s u l f a t e  l a y e r  would 
of t h e  energy i n c i d e n t  on i t  
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( n e g l e c t i n g  o ther  i n t e r a c t i o n s ) .  An order  o f  magnitude l e s s  energy i s  s c a t t e r e d  i n  
t h e  most t ransparent  band near t o  t h e  s t r o n g l y  absorb ing band. 
such c o n t r a s t  by a d i f f e r e n t i a l  absorp t ion  technique,  t h e  numerous a b s o r p t i o n  l i n e s  
of water  vapor and t r a c e  gases have t o  be avoided. 

To t a k e  advantage of  

S a t e l l i t e  miss ion requirements t o  measure o n l y  aerosol  p r o p e r t i e s  a r e  no t  
r e s t r i c t i v e .  
S t rong i n f l u x e s  o f  aerosols  f rom f i r e s  o r  dust  storms can be seen i n  s a t e l l i t e  
imagery 10,000 km f rom t h e i r  sources. 
d a i l y  would seem t o  be s u f f i c i e n t .  

Cumulus c louds are l e s s  f requent  i n  t h e  morning over  c o n t i n e n t s .  
c louds,  observat ions w i t h  a s o l a r  z e n i t h  angle o f  about 60" a r e  favorab le ,  e i t h e r  i n  
t h e  morning o r  af ternoon. 
had t i m e  t o  d i s s i p a t e .  
l a r g e  s o l a r  z e n i t h  angle s i n c e  t h e  i n t e n s i t y  o f  l i g h t  r e f l e c t e d  by t h e  ground v a r i e s  
approx imate ly  as t h e  cos ine o f  t h e  s o l a r  z e n i t h  angle, whereas t h e  i n t e n s i t y  o f  l i g h t  
s c a t t e r e d  by t h e  aeroso ls  i s  n o t  s t r o n g l y  dependent on t h e  s o l a r  z e n i t h  angle. 
ma jor  cons iderat ion,  however, i s  t h e  l i m i t a t i o n  caused by c louds, which i s  more 
pervas ive  than j u s t  t h e  cumulus problem. 

Aerosols a r e  d i s t r i b u t e d  g l o b a l l y  w i t h  l i f e t i m e s  o f  about a week. 

S a t e l l i t e  observa t ions  o f  t h e  e n t i r e  g lobe 

The l o c a l  t ime o f  t h e  observa t ions  r e q u i r e s  f u r t h e r  s tudy  because o f  c louds. 
I n  t h e  absence o f  

For  t h e  morning observat ions,  t h e  e a r l y  morning f o g  has 
Also, t h e  sur face  r e f l e c t i o n  o f  l i g h t  f rom l a n d  i s  l e s s  a t  

The 

S a t e l l i t e  sensors f o r  EOS w i l l  be a b l e  t o  measure t h e  t r o p o s p h e r i c  aerosol  

L i d a r  can 
number, s u r f a c e  area, and mass w i t h i n  t h e  s i z e  range o f  0.1 t o  5 man. Clouds w i l l  
l i m i t  t h e  number o f  observat ions t h a t  can be made g l o b a l l y  each day. 
p r o v i d e  v e r t i c a l  p r o f  i 1 es o f  aerosol  p h y s i c a l  parameters, b u t  w i t h  1 ow coverage. 
Wi th t h e  use o f  standard meteoro log ica l  wind data,  h o r i z o n t a l  t r a n s p o r t ,  convergence, 
and d ivergence can be c a l c u l a t e d .  The s a t e l l i t e  da ta  w i l l  be a poor  source o f  
i n f o r m a t i o n  about aerosol  chemical composi t ion.  The mass f r a c t i o n  o f  aeroso ls  t h a t  
absorb r a d i a n t  energy and a l s o  t h e  f r a c t i o n  t h a t  i s  condensed water  can be est imated,  
however. 

EOS w i l l  p rov ide  t h e  b a s i c  ins t ruments  needed f o r  t r o p o s p h e r i c  aerosol  measure- 
ments. A Moderate R e s o l u t i o n  Imaging Spectrometer (MODIS) i s  conceived t o  measure 
p r o p e r t i e s  o f  t h e  land, ocean, and atmosphere i n  64 s p e c t r a l  bands, spanning t h e  
range between 0.4 and 1.0 pm, p l u s  bands a t  l o n g e r  wavelengths. 
a band a t  a s h o r t e r  wavelength o f  0.35 w, measurements f rom more bands t h a n  a r e  
needed w i  11 be avai 1 a b l e  f o r  d e r i v i n g  aerosol  o p t i c a l  p r o p e r t i  es s i n c e  they  change 
r a t h e r  s l o w l y  w i t h  respect  t o  wavelength and a r e  w e l l  c o r r e l a t e d .  
r e s o l u t i o n  o f  MODIS i s  1 km a t  n a d i r ,  and i t  scans t h e  e n t i r e  E a r t h  every 2 days. 
Such coverage would be augmented by measurements f rom o t h e r  experiments. The aerosol  
p r o p e r t i e s  can be est imated f o r  t h e  s i z e  range 0.1 t o  a few micrometers. New s t u d i e s  
on d e r i v i n g  t h e  aerosol  p r o p e r t i e s  f rom measurements i n  many bands and t h e  accompany- 
i ng a1 g o r i  thms are r e q u i  red. 

Except f o r  choosing 

The s p a t i a l  

There a r e  c u r r e n t l y  no p lans  t o  cont inue SAGE I 1  o p e r a t i o n s  o r  t o  f l y  another 
o c c u l t a t i o n  experiment i n  t h i s  t i m e  per iod.  
cos t ,  r e l i a b i l i t y ,  and c a p a b i l i t y  t o  measure t r o p o s p h e r i c  aeroso ls  i n  a d d i t i o n  t o  
s t r a t o s p h e r i c  aerosols,  c o n s i d e r a t i o n  should be g i v e n  t o  f l y i n g  a mod i f ied  v e r s i o n  of 
SAGE t o  o b t a i n  mul t iwavelength e x t i n c t i o n  da ta  f o r  i n f e r r i n g  aerosol  o p t i c a l  proper-  
t i e s  and s t u d y i n g  t h e  in te rchange o f  c o n s t i t u e n t s  between t h e  t roposphere and 
s t ra tosphere .  A d d i t i o n a l  s p e c t r a l  channels c o u l d  be added t o  o b t a i n  f u r t h e r  s i z e  
r e s o l u t i o n  o f  aerosol  p r o p e r t i e s ,  as w e l l  as o t h e r  gas species such as methane. 
Other  improvements cou ld  i n c l u d e  f l y i n g  s i m i l a r  ins t ruments  on severa l  p l a t f o r m s  o r  
t a i l o r i n g  t h e  p l a t f o r m  o r b i t  t o  improve geographic coverage. S t e l l a r  and l u n a r  
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o c c u l t a t i o n  measurements should a l s o  be considered, e s p e c i a l l y  f o r  EOS p o l a r  o r b i t s  
where g l o b a l  coverage cou ld  be ob ta ined almost d a i l y  by u s i n g  severa l  s t a r s .  The use 
o f  a SAGE dev ice  would a l s o  be impor tan t  t o  c o r r e c t i n g  v a r i o u s  pass ive  remote sensors 
f o r  aerosol  e f f e c t s .  

L i d a r  observa t ions  o f  aeroso ls  f rom space p l a t f o r m s  such as EOS should p r o v i d e  
t h e  bes t  v e r t i c a l  r e s o l u t i o n  data a v a i l a b l e ,  w i t h  good h o r i z o n t a l  r e s o l u t i o n  
( = l o 0  km) a long t h e  s a t e l l i t e  nad i r -v iewing  t r a c k  ( s u b s a t e l l i t e  t r a c k s  w i l l ,  however, 
be 24" l o n g i t u d e  a p a r t )  and g loba l  coverage on a d a i l y  bas is .  Reasonably accura te  
(20 p e r c e n t )  aerosol  backscat te r  c o e f f i c i e n t  p r o f i l e s  w i l l  be o b t a i n a b l e  w i t h  1 t o  
2 km v e r t i c a l  r e s o l u t i o n ,  whereas t h e  v e r t i c a l  r e s o l u t i o n  i n  mapping t r o p o s p h e r i c  
l a y e r s  such as Saharan dust  o r  o t h e r  c o n t i n e n t a l  plumes shou ld  be b e t t e r  than 100 m 
(Browel l  e t  al., 1985). Measurements o f  t o t a l  columnar va lues ( o p t i c a l  depth) by 
o t h e r  sensors w i l l  complement t h e  l i d a r  data s e t  by f i l l i n g  i n  gaps between 
subsate l  1 i t e  t r a c k s .  

Measurements o f  t h e  chemical composi t ion f rom s a t e l l i t e s  w i l l  be minimal o r  
nonex is ten t .  Composit ion may be i n f e r r e d  from t h e  l o c a t i o n  o f  t h e  aerosol  source and 
p r o p e r t i e s  t h a t  can be measured--such as absorp t ion  and s i z e  d i s t r i b u t i o n .  I n  addi -  
t i o n ,  supplementary da ta  from s u r f a c e  and a i r c r a f t  observa t ions  w i l l  h e l p  t o  ana lyze  
t h e  s a t e l l i t e  observa t ions  f o r  composit ion. The d i f f i c u l t i e s  i n  measuring aerosol  
s p e c t r a  t h a t  can i d e n t i f y  t h e  aerosol  a r e  discussed i n  t h i s  r e p o r t .  

One o f  t h e  c r i t i c a l  d i f f i c u l t i e s  i s  lack o f  knowledge concern ing t h e  o p t i c a l  
cons tan ts  o f  aerosols ,  t h a t  i s ,  t h e i r  r e a l  and imaginary i n d i c e s  o f  r e f r a c t i o n .  Many 
aeroso ls  c o n s i s t  o f  a m i x t u r e  o f  substances. 
and a r e  d i f f i c u l t  t o  measure. For  cont inued progress i n  remote sensing o f  aerosol  
p r o p e r t i e s ,  t h e i r  o p t i c a l  constants  have t o  be measured. 

T h e i r  o p t i c a l  constants  a r e  n o t  known 

PERIOD: 2000-2010 

Two s i g n i f i c a n t  improvements i n  aerosol  measurements a r e  expected f o r  t h i s  
p e r i o d .  The f i r s t  i s  h i g h e r  1 i dar coverage spat  i a1 l y  . A d d i t i o n a l  s p e c t r a l  bands 
w i l l  be a v a i l a b l e  a lso.  The second advance w i l l  be t h e  measurement o f  winds f rom 
Doppler  s h i f t s  i n  t h e  l i g h t  s c a t t e r e d  from l a s e r  beams and a l s o  Doppler s h i f t s  i n  
emiss ion s p e c t r a  f rom t h e  l i m b  o f  t h e  atmosphere. 
progress t o  upgrade t h e  geos ta t ionary  s a t e l l i t e s  f o r  t h i s  p e r i o d  by i n c r e a s i n g  t h e  
number o f  s p e c t r a l  bands and reducing t h e  instantaneous f i e l d  o f  view, thus  reduc ing  
t h e  c l o u d  contaminat ion  problem. 
b e f o r e  t h i s  per iod ,  then s c i e n t i s t s  w i l l  be prepared t o  accept t h e  chal lenges 
presented by new remote sensing observat ions.  

I n  a d d i t i o n ,  s t u d i e s  a r e  i n  

I f  t h e  analyses o f  p r e v i o u s  s a t e l l i t e  data c o n t i n u e  
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Figure 16.- S a t e l l i t e  measurements of aerosol op t i ca l  thickness a t  A 500 nm by Griggs 
One N - u n i t  i s  equ iva len t  t o  0.21 (Toon and a r e  coinpared w i t h  ground-based values.  

Pol lack,  1976). 

5 1.21 

w 
k 
J 1.0 - 
J w 

cn 
2 0.8 - 
0 

2 

E 

2 
E5 

E 

0.6 - 

c3 

0.4 - 
z 
Y u 

0.2 - 

/ 

H3( 0, ” / 

GROUND-MEASURED OPTICAL THICKNESS 

Figure  17.- Comparison of aerosol  op t ica l  thicknesses measured from a geos ta t ionary  
s a t e l l i t e  and the ground f o r  A 610 nm. 
f o r  1000 sets of da ta  by the boots t rap s t a t i s t i c a l  method and inc lude  34, 50, and 
68 percent of those l ines (F rase r  and Kaufman, 1985a). Some of the ground-based 
measurements were made by Prospero ( J .  M. Prospero, p r i v a t e  communication, 1982). 

The three regress ion  lines were ca l cu la t ed  
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Figure 18.- The change in normalized radiance from a day o f  low aerosol content t o  
one o f  high aerosol content in August  1982. 
Landsat 700-800 nm band;  Fo i s  the ex t ra te r res t r ia l  spectrum irradiance; and  p o  
i s  the cosine of the solar zenith angle (Kaufman and Fraser, 1984). 

The term L i s  the radiance in the 

1 o - ~  lo - *  1 o - ~  lo - *  
Aerosol Extinction, 1 /km, 1 .O pm 

Figure 19.- Aeroso extinction ( k m - l )  prof i le  derived from SAGE I 1  solar occultation 
measurements a t  A 1.02 pm. One sigma error i s  shown as horizontal bars on the 
profile.  
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